A database of speech samples was collected to examining vowel formant patterns in spontaneous and read speech. Recordings were made from 220 long-time residents of Nova Scotia and Prince Edward Island in two separate tasks: Participants read a series of sentences in several phonetic contexts and also provided a monologue of at least ten minutes duration resulting in approximately 36 hours of spontaneous speech. Vowel formant frequencies were measured for all stressed vowels in non-function words surrounded by obstruents. Speakers were divided among eight geographic regions. Consonant contexts were modelled via nonlinear regression based on a model inspired by Broad and Clermont (J. Acoust. Soc. Am. 81,155). Spontaneous speech was characterized by retraction of front vowels, fronting of /u/, backing of /ae/, and greater diphthongization of /ɒ/. Older speakers were less likely to show a merger between /ɒ/ and /ɔ/. There was also some evidence of a partial Canadian Shift whereby /ae/ and /ɛ/ are lowered following merger of /ɒ/ and /ɔ/. Results from alternate models currently under development, which may better accommodate vowel-inherent formant movement, will be discussed. [Work supported by SSHRC.] 
INTRODUCTION
The goal of this study was to examine vowel-formant patterns and vowel-inherent spectral change (VISC; Nearey and Assmann, 1986) in both spontaneous and elicited (read) speech across a dialectally diverse region in Maritime Canada. This was accomplished through an acoustic analysis of a large database of speech samples collected in the provinces of Nova Scotia (NS) and Prince Edward Island (PEI).
English-language dialects spoken in this region have been described as highly variable in terms of phonetic characteristics (Kiefte and Kay-Raining Bird, 2010) . This variation can be traced back to historic settlement patterns of the last three centuries. For example, residents of the island of Cape Breton speak dialects very similar to those spoken in Newfoundland likely stemming from their common Scottish-Irish roots. In contrast, speech along the South Shore is largely non-rhotic, similar to that of New Englanders who largely settled in this area. Both of these dialects are again distinct from that heard in Halifax, the largest city in the region. This diversity is rarely recognized and many authors fail to distinguish Maritime English from other varieties in Canada (e.g., Rogers, 2000; Wells, 1982) .
The primary focus of this study is on vowel production and specifically VISC. In addition to examining differences in vowel-formant patterns and VISC between spontaneous and citation speech, we also studied differences associated with speaker age and geographic distribution. With this aim, we collected a large sample of both spontaneous and citation-form speech samples from several locations throughout Maritime Canada.
Vowel-Inherent Spectral Change
Recent studies have rekindled interest in the study of spectral peaks typically associated with formants as the most important spectral properties by which listeners discriminate vowels (see Kiefte et al., 2012; Rosner and Pickering, 1994 , for reviews). Although there are other models of speech perception that disagree with this view (e.g., Bladon and Lindblom, 1981; Bladon, 1982) , it has recently been shown that spectral peaks convey at least as much discriminant information as any other spectral property investigated (Hillenbrand et al., 2006) and that, unlike gross spectral properties such as spectral tilt, spectral peaks are enhanced perceptually in naturally produced or more natural-sounding synthetic stimuli (Kiefte and Kluender, 2005) . Studies have also shown that the traditional view of vowel production in which each vowel is specified by the frequencies of the first two or three spectral peaks from the steady-state portion of the vowel, or vowel nucleus, is inadequate. For example, Andruski and Nearey (1992) and Hillenbrand et al. (1995) showed that lax vowels such as /I/ and /E/ may be characterized by the same degree of spectral change as observed for diphthongs such as /e/.
Later studies have shown that VISC is critical to vowel perception (e.g., Assmann and Katz, 2000) and that formant trajectories should be considered at least in addition to vowel nucleus formant frequencies.
In this study, we describe speech patterns in the Maritime region in terms of formant and VISC patterns. Because samples were analyzed from spontaneous speech, we were also forced to consider the influence of consonantal contexts as these are known to have a profound effect on the spectral characteristics of vowels (e.g., Hillenbrand et al., 2001; Labov et al., 2006) . Several acoustic analyses were carried out to examine patterns of speech production based on measurement of: citation-form and conversational or spontaneous speech (e.g., Labov et al., 1972) ; 3. differences in formant and VISC patterns across geographic regions which may lend insight into previous reports regarding dialectal variation in the region (e.g., Kiefte and Kay-Raining Bird, 2010) . These acoustic measurements were analyzed by geographic location to identify specific acoustic correlates to regional differences that may help listeners discriminate dialects using purely phonetic information (e.g., Adank et al., 2007; Clopper et al., 2005; Jacewicz et al., 2007; Labov et al., 2006) .
METHOD

Data Collection
Audio recordings were collected from 220 adult, English-speaking, long-term residents of NS and PEI. The geographic distribution of speakers and division of dialect regions is given in Fig. 1 .
Prior to audio recording of speech samples, participants first completed a demographic survey which asked the speakers' age, income, years of education, language experiences, locations where they have resided, etc. This was followed by three speech tasks which were recorded. In the first task, speakers were asked to read a series of sentences of the form "Please say the word /hVd/ again." (cf., Assmann and Katz, 2000) . The sentence-final word after the target ensured a more natural stress and rhythm. Vowel targets included 14 monophthongs and diphthongs that occur in standard dialects of English including /O/ and /A/. For the purposes of elicitation, they were written in a standard English orthography.
In the second speech-production task, speakers were asked to read twenty sentences from the TIMIT database (Fisher et al., 1986) . All speakers read both SA (shibboleth) sentences from the database as well as 11 randomly selected SX sentences which are described as "phonetically compact" and 7 randomly selected SI sentences which are described as "natural". These recordings were used to train the CMUSPHINX3 speech recognizer (Lee, 1989) which was used for speaker-dependent phoneme alignment. However, the recordings also serve to compare spontaneous and read speech in more natural phonemic contexts than for the recordings described above.
The final task consisted of a spontaneous monologue in which the participants were free to talk about any subject of their choosing-e.g., politics, sports, hobbies, weather, etc. These monologues ranged in duration from 2 min. 46 s to 36 min. 58 s and resulted in a total of 34 h 33 min. of recordings across all 220 speakers. These recordings were then manually segmented into breath groups, and screened to exclude items with noise (e.g., coughs, interruptions, or background sounds) or disfluencies, such as partial repetitions, incomplete words, etc.
Analysis and Validation
Phoneme Alignment
Using a phonemic transcription generated by a modified version of the CMU Pronouncing Dictionary, these segmented recordings were then processed by both CMUSPHINX3 (Lee, 1989) and P2FA (Penn Phonetics Lab Forced Aligner; Jiahong and Liberman, 2008) which resulted in phoneme alignments appropriate for phonetics software such as PRAAT (Boersma, 2001 ).
In order to validate the results of the force-alignment algorithms, 1,178 vowels from the spontaneous-speech database in /CVC/ context were hand segmented and the locations of phoneme boundaries were compared with those from the two systems. Consonants were all either plosives or /h/. The CMUSPHINX3 gave poor results: only 67% and 46% of the phoneme boundaries were within 20 ms of hand segmented vowels for onsets and offsets, respectively. However, results for P2FA were substantially better: 75% and 80% of boundaries were within 20 ms for vowel onsets and offsets, respectively.
A second individual hand segmented 706 tokens from the previous set to between interrater agreement for manual alignment. Agreement (i.e., ±20 ms) was 82% and 80% for vowel onsets and offsets, respectively, suggesting that P2FA performance compares favourably to hand alignment. It should be noted, however, that all of these results are substantially poorer than for agreement with hand-alignment in citation speech (94%; Hosom, 2009 ).
Formant Tracking
From the recorded monologues, vowels in primary-stress /CV/ and /VC/ syllables were extracted based on automatic segmentation for formant analysis. In all cases, consonant contexts were either plosives or /h/. Syllables with either nasals, /r/, or /l/ in coda position were excluded due to their influence on preceding vowel formants. In addition, grammatical words such as pronouns or auxiliaries (e.g., had, could, he'd, etc.) were excluded due to the likelihood of reduced stress or vowel reduction.
A custom unsupervised formant tracker implemented in MATLAB was used to measure formant frequencies for the extracted vowels (Nearey et al., 2002) . Frequency measurements for the first and second formants (F 1 and F 2 ) were measured at 20% of total vowel duration for /CV/ syllables and at 70% for /VC/ syllables (hereafter referred to as nucleus and offglide; Nearey and Assmann, 1986; Hillenbrand et al., 1995) . These measurements validated against supervised formant measurement for 1,175 tokens resulting in a root-mean-square (RMS) error of 137 and 195 Hz for F 1 and F 2 , respectively, for vowel nuclei and 75 and 152 Hz for vowel offglides. These RMS errors are a combination of alignment and formant-frequency measurement errors as the unsupervised formant-frequency measures were based on automatically aligned vowels while the supervised measures were based on hand-segmented phonemes. (1995) . The symbol identifying the vowel is plotted at the location of the first sample of the formant pattern (20% duration), and an arrow connects this point to the second sample (70% duration).
RESULTS
Figure 2 shows data from citation-form /hVd/ data from both the Maritimes (NS) as well as data from the American Midwest (US) from Hillenbrand et al. (1995) . Relative to the American data, the Maritime dialect shows a low-back merger of /O/ and /A/ that is generally reported for all Canadian dialects as well as the lowering of /ae/ which is commonly associated with the merger and is known as the Canadian Shift (Clarke et al., 1995; Labov et al., 2006) .
Randomly varying consonant contexts preclude a direct comparison between spontaneous and citation speech samples except for vowels that occur in the same context (/hVd/). However, this is not practical given that only a few such contexts occur in the spontaneous-speech corpus (e.g., /hId/, /hEd/) and that, of those that do occur, some are relatively infrequent (e.g., /hud/). In contrast, the word /haed/ occurs relatively frequently. However, it is likely subject to much greater vowel reduction as an auxiliary verb.
By contrast, there are 124,434 stressed vowels in the spontaneous-speech database in either /CV/ or /VC/ syllables where consonants are either plosives or /h/. To take best advantage of these tokens, we require a method to correct for consonantal context effects so that we can compare /hVd/ and spontaneous tokens more appropriately. While we are currently developing nonlinear regression techniques to estimate vowel-dependent and consonant-induced context effects simultaneously for full /CVC/ formant trajectories (along the lines of Broad and Clermont, 1987; Nearey, 2013) , so far such full-trajectory models have not been adequately calibrated in phonetically unbalanced spontaneous speech samples. In the interim, we have developed simplified models for approximately correcting for initial consonant effects on the 20% vowel measurement and for final consonant effects on the 70% vowel measurement. The initial consonant correction effects on the 20% point were modelled by optimizing (by nonlinear regression techniques):
where F CV are the formant measures at 20% a C and b C are initial consonant-context parameters and x V is the estimated formant target at 20% duration.
The final consonant correction effects on the 70% point were modelled by optimizing: . where F V C 0 are the formant measures at 70% a C 0 and b C 0 are final consonant-context parameters and x V is the estimated formant target at 70% duration.
These models can account for differences in consonantal context effects at a single time slice that obey the exponential relative time model of Broad and Clermont's (1987) model IVa for /CV/ or /VC/ trajectories (though the current simplified models neglect effects of the more temporally remote context).
As it stands, the models are not identifiable. However, by fixing a C = 1 and b C = 0 for initial C =/h/ and, similarly, a C 0 = 1 and b C 0 = 0 for final /d/, we are in effect able to normalize contexts to the standard "neutral" /hVd/ context for which we have empirical measurements in the citation-speech database. We note that this may leave some residual consonantal context effects (both from approximation error and from consonantal effects due to initial /h/ and final /d/ being assumed to be null). The method should nevertheless render spontaneous speech measurements more nearly comparable to the /hVd/ utterances.
The model is closely related in form to locus equations (Sussman et al., 1998) in which a place-specific linear relationship is proposed between formant onset and vowel centre frequency. We propose that there is an underlying formant frequency that is biased by the adjacent consonant place of articulation in a manner similar to that modelled by locus equations 1 .
Vowel onset and offset are taken as the fitted x V coefficients from the 20% and 70% time points and the frequencies are log-mean normalized within speaker. The greatest difference between these vowels is indicated for the South Shore (brown arrows). This was also observed by Trudgill (2001) who noted that speakers from this region preserve the distinction between "cot" and "caught".
When the data is divided by age group, another pattern emerges: Older speakers show better separation between /O/ and /6/. In addition, younger speakers are more likely to show a pattern reported for the Canadian Shift (Clarke et al., 1995) /E/ in combination with the low-back vowel merger.
FUTURE DIRECTIONS
It should be noted that the patterns illustrated in the figures are an aggregate over a very large number of speakers and do not necessarily reflect the reality for any one individual. For example, while it is clear that there is some separation of /6/ and /O/ for speakers in the South Shore, this may reflect a bimodal distribution-i.e., some speakers have preserved the phonemic distinction while others have not. The data presented give an intermediate state but does not indicate how many have preserved the distinction. Because the data is extremely noisy due to the automatic, unsupervised nature of the analysis, it is very challenging to establish the phonemic inventory of a single speaker from his or her spontaneous speech sample from formant-frequency measurements alone. Several improvements will be made to the database itself. The phoneme segmentation algorithms depend critically on the accuracy of the phonemic dictionary. Several errors were detected at an early stage in the study which may have caused significant deviations in the data. These errors were detected because they pertained to high-frequency words. However, it is highly likely that many other errors exist. In addition, word frequency can dominate the statistics of the model itself-e.g., variants of the word "talk" ("talking", "talked", etc.) account for 20% of the total /O/ tokens in the dataset which has the potential to bias the data substantially.
In addition to other approximate techniques, we are currently exploring a more sophisticated modelling of individual tokens using a model similar to that of Broad and Clermont (1987) with the addition of VISC. Instead of modelling only the onset and offset frequencies (i.e., the 20% and 70% time points), we will be modelling the entire formant trajectory throughout the duration of the vowel.
